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ABSTRACT
We point out that current estimates of form factors fail to explain the non-leptonic
decays B → ψK(K∗) and that the combination of data on the semi-leptonic
decays D → K(K∗)ℓν and on the non-leptonic decays B → ψK(K∗) (in
particular recent polarization data) severely constrain the form (normalization and
q2 dependence) of the heavy-to-light meson form factors, if we assume the factor-
ization hypothesis for the latter. From a simultaneous fit to B → K(∗)ψ and
D → K(∗)lν data we find that strict heavy quark limit scaling laws applied to
the form factors do not hold when going from D to B and must have large correc-
tions that make softer the dependence on the masses. This is in contrast with the
matrix elements themselves which are found to need smaller 1/mQ corrections to
the asymptotic heavy quark scaling laws. We also find that A1(q
2) should increase
slower with q2 than A2, V, f+. We propose a simple parametrization of these
corrections based on a quark model or on an extension of the heavy-to-heavy scal-
ing laws to the heavy-to-light case, complemented with an approximately constant
A1(q
2). This model may be viewed as assuming a precocious validity of strict
heavy quark scaling laws for the current matrix elements. Although this model
reproduces qualitatively the wanted features for mass and q2 dependence, and thus
reduces the discrepancy with data, it is insufficient to reach a full agreement with
the experimental polarization. In our opinion the puzzle is still there.
1. Introduction.
We heard1 a nice talk about the SLAC B-factory and the BaBar detector which
are planned mainly to detect CP violation in B meson decays.
We will not repeat why the search for CP violation is of crucial theoretical inter-
est in a period where only one type of laboratory experiment, namely KL → ππ has
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positively found CP violation†. The B system presents this peculiarity that CP vio-
lation is commonly believed to lie within experimental reach, in the Standard Model,
while non-standard surprises may also happen. This has motivated the building of
B-factories.
The so-called angle β of the unitarity triangle should be measurable through the
B → ψKS CP asymmetries and/or through the B → D(∗)D(∗) ones2. The angle α
will not be so easy to measure, and the angle γ is still a challenge. Adding several
channels as in2 increases the stastitics provided that the relative signs of the different
channel are such as not to wash out the asymmetry. In the case of B → D(∗)D(∗)
decays, the Heavy Quark Symmetry (HQS) helps to establish these relative signs
which turn out not to dilute the CP asymmetry. In ref.3 we considered applying the
same trick to Bs → K(∗)D(∗)s decay channels. In this case HQS is not so helpful.
We used the factorization assumption and could argue about the signs of the lep-
tonic and semi-leptonic form-factors. However, one crucial expression comes in, of
the form A1 − cA2 where A1,2 are semileptonic form factors and c is a kinematical
factor whose precise value does not matter here. Using some models, or some argu-
ments from the HQS applied to heavy-to-light decays, we found that the sign of this
expression was not easy to settle. At this point we realized that the same expression
A1 − cA2 with a slightly different kinematical factor c also appeared in the expres-
sion for the polarization in B → ψK∗, a quantity on which several recent and rather
precise experimental data exist.
We thus started to look closer at B → ψK(∗) decays and we encountered quite a
surprise. It became obvious to us4,5 that the most popular models which are com-
monly used in heavy flavor decays as well as the simple-minded application of HQS
extrapolated from D semi-leptonic decays severely fail to explain B → K∗ψ polar-
ization and the ratio Γ(B → ψK∗)/Γ(B → ψK). This conclusion was independently
reached by Gourdin, Keum and Pham6.
Such a general failure casts some doubt on the predictions one can extract from
the same models and simple-minded ideas whenever some precision is wanted as it was
the case in our above-mentioned example of the sign of A1− cA2 and the consecutive
non dilution of CP asymetries. As long as the puzzle will not be solved, it will at least
demand the severest care and the systematic use of B → ψK∗ as a touchstone. We
tried to stick to such an attitude in3 and we believe we could safely deliver a positive
answer about the non-dilution of the CP asymmetry.
We can also take B → ψK(∗) data as a precious source of phenomenological
information in the domain of B decays where precise data are still missing. In the
following we will first try to convince you that there is really a problem. We discuss
next what positive knowledge can be extracted from these polarization data. Of
course, this needs some assumption: we will stick to the factorization assumption.
B → ψK∗ polarization measurements turn out to be a very efficient touchstone
of our present understanding of the non-leptonic decays of B mesons.
†Let us leave aside the question of baryogenesis which does not seem to fit easily in the Standard
Model.
2. B → ψK(∗) data are hardly compatible with current estimates.
To be definite, let us write the form factors :
< Pf |Vµ|Pi >=
(
pfµ + p
j
µ −
m2i −m2f
q2
qµ
)
f+(q
2) +
m2i −m2f
q2
qµf0(q
2),
< Vf |Aµ|Pi >= (mf +mi)A1(q2)
(
ε∗µ −
ε∗.q
q2
qµ
)
−A2(q2) ε
∗.q
mf +mi
(
piµ + p
f
µ −
m2i −m2f
q2
qµ
)
+ 2mf A0(q
2)
ε∗.q
q2
qµ,
< Vf |Vµ|Pi >= i 2 V (q
2)
mf +mi
εµνρσp
ν
i p
ρ
fε
∗σ. (1)
where we use the convention ǫ0123 = 1.
Using factorization7,8,9, one obtains the following amplitudes in the B meson rest
frame:
A
(
B¯0d → ψK
)
= − G√
2
VcbV
∗
cs 2 fψ mB f+(m
2
ψ)a2p, (2)
Apv
(
B¯Od → ψ(λ = 0)K∗(λ = 0)
)
= − G√
2
VcbV
∗
csmψfψ,
[
(mB +mK∗)
(
p2 + EK∗Eψ
mK∗mψ
)
A1(m
2
ψ)−
m2B
mB +mK∗
2p2
mK∗mψ
A2(m
2
ψ)
]
a2, (3)
Apv
(
B¯0d → ψ(λ = ±1)K∗(λ = ±1)
)
= − G√
2
VcbV
∗
csmψfψ (mB +mK∗)A1(m
2
ψ)a2, (4)
Apc
(
B¯0d → ψ(λ = ±1)K∗(λ = ±1)
)
= ± G√
2
VcbV
∗
csmψfψ
mB
mB +mK∗
2V (m2ψ)a2p. (5)
These amplitude are all proportional to a2, i.e. they belong to the so-called class
II decays. We see that the non-leptonic data plus the factorization hypothesis can
give us information on the form factors at a different kinematic point (q2 = m2ψ) than
the data on semi-leptonic D decays (small q2) or the heavy quark limit QCD scaling
laws (close to q2max).
The data for the total rates10 are:
BR
(
B¯0d → ψK0
)
= (7.5± 2.4± 0.8)× 10−4
BR
(
B0d → ψK∗0
)
= (16.9± 3.1± 1.8)× 10−4
BR
(
B− → ψK−
)
= (11.0± 1.5± 0.9)× 10−4
BR
(
B− → ψK∗−
)
= (17.8± 5.1± 2.3)× 10−4
and the recent results of ARGUS11, CLEO11 and CDF12 concerning the K∗ polariza-
tion in the B¯d → ψK∗0 decay, are:
ΓL/Γtot > 0.78 (95 % C.L.) ARGUS
ΓL/Γtot = 0.80± 0.08± 0.05 CLEO
ΓL/Γtot = 0.66± 0.10+0.10−0.08 CDF (6)
where ΓL is the partial width for the longitudinal polarization whose amplitude is
given by (3).
As already pointed out, these decays are affected by the phenomenological factor
a2 which is not well known. To avoid this uncertainty, we will consider the ratio of
the total rates
R ≡
Γ
(
B¯0d → ψK∗0
)
Γ
(
B¯0d → ψK0
) = 1.64± 0.34 CLEO II13, (7)
and the polarization ratio for ψK∗0 :
RL ≡
ΓL
(
B¯0d → ψK∗0
)
Γtot
(
B¯0d → ψK∗0
)
,
(8)
which are independent of a2.
From these formulae one can already conclude qualitatively that :
i) To get RL sufficiently large, one needs V/A1 and A2/A1 to be small enough.
ii) To get R not too large f+/A1 must not be too small.
We will consider the predictions for these ratios from the following theoretical
schemes :
• 1. Pole model of Bauer, Stech and Wirbel (BSWI)8.
• 2. Pole-dipole model of Neubert et al. (BSWII)9.
• 3. Quark model of Isgur, Scora, Grinstein and Wise (ISGW)14.
• 4. QCD sum rules (QCDSR)15.
• 5. Lattice QCD17.
The results are given in Table 1. The conclusion is that there is a problem for all
known theoretical schemes since both ratios R and RL cannot be described at the
same time. A priori there are three possible explanations :
Γ(K∗)
Γ(K)
ΓL
Γtot
Asb
2
(m2
ψ
)
Asb
1
(m2
ψ
)
V sb(m2
ψ
)
Asb
1
(m2
ψ
)
fsb
+
(m2
ψ
)
Asb
1
(m2
ψ
)
BSWI8 4.23 0.57 1.01 1.20 1.23
BSWII9 1.61 0.36 1.41 1.77 1.82
ISGW14 1.71 0.07 2.00 2.58 2.30
QCDSR15,16 7.60 0.36 1.19 2.66 1.77
Lattice (a) 3.5± 2.5 0.47± 0.11
Lattice (b) 1.9± 1.4 0.27± 0.16
Our Ansatz 2.15 0.45 1.08 2.16 1.86
CLEO II11,13 1.64± 0.34 0.8± 0.1
CDF12 - 0.66± 0.1
Table 1: Comparison of different models, a QCD Sum Rules calculation, a lattice cal-
culation, and our prefered Ansatz (as defined later on) to experiment. The mass and
q2 extrapolation for lattice results are detailed in ref.17. Lattice (a) uses a kinematical
pole in A2/A1 while Lattice (b) uses a constant A2/A1 as q
2 varies.
i) The theoretical schemes for form factors are to be blamed for the failure.
ii) The experimental numbers are not to be trusted too much.
iii) The basic BSW factorization assumption, which allows to relate B → K(∗)ψ
to the form factors, is wrong for class II decays.
In section 3, we will explore the first possibility on general grounds using the
data on D → K(∗)lν and B → K(∗)ψ combined through HQS. To make the study
more quantitative, we will propose a reasonable Ansatz which presents in our opinion
the general features that are favored by phenomenology and by some theoretical
considerations. This Ansatz, although meant to reconcile both sets of data without
violating HQS, still leaves a 2-3 σ discrepancy between D → K(∗)lν and B → K(∗)ψ
data.
Besides the experimental failure apparent in table 1, the quoted popular quark
models also present theoretical problems5: the BSW models do not satisfy the heavy
quark scaling laws when the mass goes to infinity, while the ISGW satifies only the
heavy-to-light scaling law when the initial mass goes to infinity, failing to satisfy the
heavy-to-heavy scaling laws when both the initial and final masses go to infinity. We
will not elaborate further on this issue in this talk.
3. Heavy Quark Symmetry and the relation to D decays.
3.1. Setting the Problem.
Our aim was to perform a combined experimental and theoretical study of form
factors, simultaneously for both of D → K(∗)lν and B → K(∗)ψ decays, assuming
factorization for the latter. We wanted to proceed as independently as possible of the
detailed theoretical approaches, using general Ansa¨tze that respect the heavy-to-light
asymptotic scaling laws, some of them being complemented by ideas derived from
heavy-to-heavy scaling law formulae. Only guided by rigorous theoretical laws and
some commonly admitted theoretical prejudices, we will try to display general trends
suggested by the experiment. However it turns out that experiment, as it stays today,
is not easy to account for in a theoretically reasonable manner. We will also advocate
the use of a Quark Model inspired Ansatz, eq. (16), an extension of some heavy-to-
heavy scaling relations to the heavy-to-light system. Although not fully successful,
this model is able to account roughly for a large set of data.
First, let us review available data. Besides the indirect indications coming from
the above B → ψK(K∗) non leptonic data complemented by the BSW factorization
assumption, there are data on the D → K(K∗)ℓν form factors, mainly around q2 = 0.
We shall use the world average18:
f sc+ (0) = 0.77± 0.08
V sc(0) = 1.16± 0.16
Asc1 (0) = 0.61± 0.05
Asc2 (0) = 0.45± 0.09 (9)
V sc(0)/Asc1 (0) = 1.9± 0.25
Asc2 (0)/A
sc
1 (0) = 0.74± 0.15 . (10)
As to the q2 dependence the indications are poor except for the f+ form factor,
where good indications seem to support the relevant vector meson pole dominance.
We have used5 these indications for the q2 dependence to advocate a pole-like q2
dependence of f+, A2 and V , and a flat A1. However, in this talk we will concentrate
on the evolution from D to B of the ratios between different form factors (A2/A1,
V/A1, etc.) for which we can formulate more general statements. The advantage
of discussing first the ratios is that we can draw more direct conclusions from the
data before considering absolute branching ratios which also involve the unknown a2
parameter.
3.2. Asymptotic Scaling Laws for the Heavy-to-light Form Factors.
What can be learned from the theory ? The only exact results take the form of
asymptotic theorems19 valid for the initial quark mass mQ large with respect to the
typical scale of QCD, Λ, to the final meson mass, mf , and to the final momentum, ~q
‡:
fˆ+(~q
2)
c+
,
Vˆ (~q 2)
cV
,
Aˆ2(~q
2)
c2
= mQ
1
2
(
1 +O
(
Λ
mQ
)
+O
( |~q|
mQ
)
+O
(
mf
mQ
))
‡Unless specified otherwise, we use the initial meson rest frame.
Aˆ1(~q
2)
c1
= (mQ)
− 1
2
(
1 +O
(
Λ
mQ
)
+O
( |~q|
mQ
)
+O
(
mf
mQ
))
(11)
where the c+, c2, cV , c1 are unknown constants and where we have used “hats” on form
factors to indicate that they depend on the three-momentum, the natural variable in
the heavy-to-light case:
fˆ(~q 2) = f(q2), with ~q 2 =
(
m2i +m
2
f − q2
2mi
)2
−m2f (12)
The asymptotic scaling law (11) allows to relate the form factors, say D → K and
B → K, at small recoil |~q| ≪ mD (i.e. close to q2max for each process). In particular,
A2/A1 scales like mQ. This has dramatic consequences on the B → ψK∗ polarization
as we shall now see.
3.3. Failure of the Simple-minded Extrapolation from D to B given the Asymptotic
Scaling Laws.
Consider the extrapolation from D → K(∗)lν data at q2 = 0, according to the
heavy-to-light asymptotic scaling law. Since the momentum ~q is different in the two
above-mentioned sets of data, an hypothesis on the q2 dependence is needed.
The ratio ΓL/Γtot is given by:
ΓL(B → K∗ψ)
Γtot(B → K∗ψ) =
(
3.162− 1.306A
sb
2
(m2
ψ
)
Asb
1
(m2
ψ
)
)2
2
[
1 + 0.189
(
V sb(m2
ψ
)
Asb
1
(m2
ψ
)
)2]
+
(
3.162− 1.306A
sb
2
(m2
ψ
)
Asb
1
(m2
ψ
)
)2 (13)
where the indices sb indicate that we deal with the b→ s form factors.
From this expression it is apparent that A2/A1 must not be too large
§in view of
the large experimental value of RL (6), all the more if V/A1 is large. For example,
setting V = 0 we get the very conservative upper bound A2/A1 ≤ 1.3 for RL >
0.5. For a more realistic value of V/A1 ≃ 2, the upper bound becomes A2/A1 ≤ 1.
Now, according to strict application of the asymptotic scaling laws described above,
A2/A1 (V/A1) would be multiplied at fixed ~q by mB/mD = 2.83. From the central
experimental D value, Asc2 /A
sc
1 = 0.74 (V
sc/Asc1 = 1.9), one gets A
sb
2 /A
sb
1 = 2.09
(V sb/Asb1 = 5.38) at q
2 = 16.56 GeV (corresponding in B decay to the same ~q 2 as
q2 = 0 in D decay). This is in drastic contradiction with experiment unless there
is an unexpectedly strong q2 variation down to q2 = m2ψ. A naive insertion of these
values in eq. (13) would indeed give RL = 0.014 which is 4 to 5 sigmas away from
the most favorable CDF value. Clearly the message is that a softening of the increase
with respect to the asymptotic scaling law is required.
§Strictly speaking very large values, A2/A1 ≥ 3.9, could also account for a large RL, but these are
unrealistic.
It is now useful to consider the product R(1−RL) where the definitions of eqs (7)
and (8) have been used:
R(1−RL) = 2.162
(
Asb1 (m
2
ψ)
f sb+ (m
2
ψ)
)2 1 + 0.189
(
V sb(m2ψ)
Asb1 (m
2
ψ)
)2 (14)
This gives a lower bound for f+/A1. For the conservative upper bounds R ≤ 2.5
and 1−RL ≤ 0.5, and setting still more conservatively V to zero, we get f+/A1 ≥ 1.32.
For a more realistic estimate, V/A1 ≃ 2, and R ≤ 2.0 we get f+/A1 ≥ 1.9. Contrarily
to our discussion in the preceeding paragraph, we find here a lower bound which in
itself is compatible with the hard scaling behaviour but not with such a soft scaling
as required for A2/A1 (remember we had A2/A1 ≤ 1.3 for V = 0 and for a more
realistic V/A1, A2/A1 ≤ 1). Clearly the trend for f+/A1 is somewhat opposite to the
one for A2/A1 . To solve this problem, Cheng and Tseng
20 have assumed a monopole
form for f+ and A1 and a dipole form for A2 and V . This implies a pole behavior
for A2/A1 leading to a reduced A
sb
2 /A
sb
1 and a constant f+/A1, thus keeping it large
enough.
3.4. Reminder about Asymptotic Scaling Laws for Heavy-to-heavy Transitions.
It is well known that a much stronger set of relations than the one in subsection
3.2 comes from the Isgur-Wise scaling laws21 for transition form factors between two
heavy quarks. Using the notations in22 :
√
4mPimPf
mPi +mPf
f+(q
2) =
√
4mPimPf
mPi +mPf
f0(q
2)
1− q2
(mPi+mPf )
2
=
√
4mPimVf
mPi +mVf
V (q2) =
=
√
4mPimVf
mPi +mVf
A0(q
2) =
√
4mPimVf
mPi +mVf
A2(q
2) =
√
4mPimVf
mPi +mVf
A1(q
2)
1− q2
(mPi+mVf )
2
= ξ(vi.vf)
(15)
for mPi, mPf and mVf much larger than the typical QCD scale, Λ. In the same limit
mPf and mVf are equal, and our writing of different masses is only meant for later
use in the real subasymptotic regime, where they are very different (mK 6= mK∗).
The denominator that divides A1(q
2) is a straightforward consequence of the heavy
quark symmetry and of the definition of the different form factors. It has not the
meaning of a dynamical pole related to some intermediate state. It is still in the
mathematical sense a pole of the ratio A2(q
2)/A1(q
2) etc, and we shall call it for
simplicity the “kinematical pole”.
In the domain of mass with Λ≪ mf ≪ mPi the heavy-to-heavy scaling relations
(15) imply the heavy-to-light scaling relations (11) withmQ substituted bymPi. Being
more restrictive, eqs. (15) also provide the q2 dependence of the ratios of form factors
and the O(mf/mPi) corrections
5.
An essential effect displayed by these O(mf/mPi) is that they soften the asymp-
totic scaling relation (11), i.e. they lead to a slower increase (decrease) of A2, V , f+
(A1) when the initial mass mPi increases at fixed ~q.
Another welcome consequence of the Isgur-Wise relations (15) is that they fix
the ratios of form factors for the same quark masses and the same transfer q2, in
such a way as to smoothen further the inital mass dependence of the ratios when q2
decreases. This is clearly illustrated at q2 = 0 where all the form factors are equal
and their ratios, equal to 1, do not depend on the masses.
3.5. Our Quark Model Inspired Ansatz.
We now formulate our model based on an extension of the heavy-to-heavy scaling
relations (15). Let us first assume that we are in a situation described in the preceding
section with two heavy quarks and mi ≫ mf ≫ Λ. The form factors obey the heavy-
to-light scaling relations (11) with specific form factor ratios and specific O(mf/mi)
corrections. To these, one should also add the unknown O(Λ/mf) corrections to the
heavy quark symmetry.
Let us now consider the intermediate region where the final quark ceases to be
heavy. Our ignorance comes from the fact that the O(Λ/mf) corrections become large
and may totally modify the above mentioned specific relations. Our hypothesis will
be that it is not so, i.e. that using some of the features of eq. (15) is indeed a good
approximation. This hypothesis, although admittedly arbitrary, may be empirically
justified to some extent as we shall see. Theoretical arguments in favor of the present
Ansatz will come below and in section 3.6.
An unrestricted extension of Isgur Wise formulae (15) cannot describe quantita-
tively the form factors for a simple reason: the D → K(∗)lν form factors at q2 = 0,
eq. (9), are obviously not equal to each other. To account for that we introduce some
rescaling parameters (r+, rV , r1, r2), that we assume to be independent of the initial
heavy quark mass and of q2. We therefore propose the following Ansatz that stays as
close as possible of the heavy-to-heavy scaling relations:
mPi +mPf√
4mPimPf

1− q2(
mPi +mPf
)2

 f+(q2)
r+
=
mPi +mVf√
4mPimVf

1− q2(
mPi +mVf
)2

 V (q2)
rV
=
=
mPi +mVf√
4mPimVf

1− q2(
mPi +mVf
)2

 A2(q2)
r2
=
mPi +mVf√
4mPimVf
A1(q
2)
r1
= η(~q,mf ) (16)
where mf is as usual the final meson mass: mPf or mVf . In fact, to conform
with the asymptotic Isgur-Wise heavy-to-heavy scaling , the rescaling parameters
r+, rV , r2, r1 = 1 +O(Λ/mf), should depend on the final active quark mass mqf and
tend to one when it goes to infinity, but this is irrelevant here since the final quark
will remain the s-quark all over this study.
This Ansatz has the wanted features of yielding softened heavy-to-light scaling
relations and a welcome q2 dependence: A1(q
2) decreases as compared to the other
form factors when q2 increases.
3.6. Theoretical justifications of our Ansatz
a) Quark model: How do we justify this Ansatz and in particular this “rescaling”
procedure? We are mainly motivated by the fact that the general structure of the
Isgur-Wise relations (15) also appears in the heavy to light case in a quark model
with weak binding treatment, the Orsay Quark Model (OQM)23,24,25,26,5. It gives the
kinematical pole factor, differentiating f+, A2 and V from A1. It also displays the
O(mf/mi) corrections predicted by the heavy-to-heavy scaling laws. On the other
hand the quark model analysis leads to expect two types of O(Λ/mf) corrections:
i) Corrections taking into account the finite mass of the spectator quark, which
are present in the weak binding treatment.
ii) Corrections to the weak binding limit, not included in the OQM.
In this model the dominant correction to asymptotic scaling and the dominant
features of q2 dependence are represented by the Ansatz (16), while additional cor-
rections are present but are small.
b) B → K∗γ: An amusing example that exhibits the same trends as we advocate
is provided by the B → K∗γ form factors. Defining the Ti form factors as follows,
< K∗, k, ǫ|s¯σµνqν 1 + γ5
2
b|B, p >= −2ǫµνλσǫ∗νpλkσT1(q2)− i
[
ǫ∗µ(m
2
B −m2K∗)−
ǫ∗ · q(p+ k)µ
]
T2(q
2)− iǫ∗ · q
[
qµ − q
2
m2B −m2K∗
(p+ k)µ
]
T3(q
2) (17)
it is well known that, for q2 = 0, using the identity σµνγ5 =
i
2
ǫµνλσσ
λσ, one obtains
the exact relation:
T1(0) = T2(0). (18)
It has also been shown27 that
T1(q
2) =
√
mQ
(
1 +O
(
Λ
mQ
)
+O
( |~q|
mQ
))
,
T2(q
2) =
1√
mQ
(
1 +O
(
Λ
mQ
)
+O
( |~q|
mQ
))
. (19)
In the heavy-to-heavy case one may also show that
√
4mPimVf
mPi +mVf
T1(q
2) =
√
4mPimVf
mPi +mVf
T2(q
2)
1− q2
(mPi+mVf )
2
=
1
2
ξ(v · v′), (20)
which is of course fully compatible with the relation (18).
The novelty here is that the relation (18) remains exact when the final quark
becomes light. Since the scaling behaviours of the T1 and T2 differ in the vicinity
of q2max, eq. (19), the equality (18) is a clear indication that the q
2 behaviour of
both form factors differs sensibly. For example a pole dominance hypothesis for
both form factors is totally excluded by these relations. Furthermore, an extension
of relation (20) to the heavy-to-light domain, as we have suggested in section 3.5,
would directly comply with both relations (18) and (19). Lattice calculations may
indicate28 a rather flat q2 dependence of T2(q
2) except one lattice group29 who finds,
on the contrary, a pole-like T2(q
2). The flat behaviour leads to a B → K∗γ branching
ratio in agreement with experiment, as expected since the long distance contributions,
which are overlooked by the lattice, have been estimated30 to be small.
Finally, let us insist that this is by no means a proof of our Ansatz, it is simply a
hint that it points towards the right direction.
c) Matrix elements: Some light can be shed on our Ansatz (16), as far as the
mass dependence is concerned, by noting that it amounts to assume that the matrix
elements satisfy an uncorrected asymptotic scaling. To illustrate this point let us
consider a final vector meson Vf with a polarization ǫ
T orthogonal to the initial and
final meson momenta.
From eqs. (1) and (16) the matrix elements scale as follows:
< Vf , ǫ
T , ~q|Aµ|Pi >√
4mBmVf
= r1 η(~q,mVf )ǫµ,
< Vf , ǫ
T , ~q|Vµ|Pi >√
4mBmVf
= irV
η(~q,mVf )
1 + v0f
(
~vf ×~ǫ T
)
µ
, (21)
where vµf = p
µ
f/mf has been used as well as the relation:
1− q
2
(mPi +mf)
2
= 2
mPi(mf + Ef )
(mPi +mf )
2
. (22)
.
In this example it is clear that the matrix elements scale exactly like
√
mPimf ,
which is their asymptotic heavy-to-light scaling behaviour. Our claim in favor of the
softened scaling, eq. (16), is equivalent to the statement that the matrix element
asymptotic scaling laws are not corrected at non-asymptotic masses. In other words
our softened scaling Ansatz is equivalent to a precocious asymptotic scaling of the
matrix elements.
d) QCD sum rules, lattice calculations: We have argued in5 that QCD sum
rules qualitatively favor31,15,32,33,34 the q2 dependence of the form factor ratios as de-
picted in eq. (16), i.e. they generally show an increase of the ratiosA2/A1, V/A1, f+/A1,
with q2 not very different from the increase due to the kinematical pole 1/(1 −
q2/(mPi +mf)
2).
Lattice calculations17 on their side, favor a softened heavy-to-light scaling , as a
function of the heavy masses, for the leptonic decay constant FP and for the form
factors except A2. However, if this result seems strongly established for the leptonic
decay constants, the mQ dependence of the form factors, and particularly A2, are not
yet known with enough precision to be conclusive.
3.7. Confronting the form factors to experimental ratios.
In ref.5 we have performed a simultaneous χ2 fit of the B → K(∗)ψ andD → K(∗)lν
data, combining them with the help of different Ansa¨tze. The latter Ansa¨tze are
devised to compare the most commonly used “natural” assumptions with our favored
eq. (16). For instance they correspond to uncorrected asymptotic scaling of the form
factors and/or q2 independent form factor ratios¶.
For every Ansatz we have performed a least χ2 fit5. If we only fit the final polar-
ization, i.e. the ratio RL defined in eq. (8), in B → K(∗)ψ with the D → K(∗)lν data,
our Ansatz (16) gives the smallest χ2. This was expected since (16) reduces Asb2 /A
sb
1
and therefore improves RL, see eq. (13). However this improvement is insufficient,
since the best χ2 thus obtained is ∼ 2(∼ 4) per degree of freedom when RL is taken
from CDF (CLEO II), i.e. a 2-3 σ discrepancy. When we fit both RL and R, eq. (7),
with D → K(∗)lν data, the Ansatz (16) gives a least χ2 of ∼ 3(∼ 4) per d.o.f, not
better than that the alternative Ansatz which incorporates also softened scaling, but
q2 independent form factor ratios. The reason is that all our trial Ansa¨tze assume
A2/A1 = f+/A1, and, as argued after eq. (14), the RL data demand a smaller A2/A1
while R data demand a larger f+/A1. The χ
2 fit tries a compromise between these
opposite trends. Only by relaxing the constraint A2/A1 = f+/A1 can this be cured,
as done in ref20.
To summarize:
• As anticipited, the experimental comparison between B → K(∗)ψ and D →
K(∗)lν favors a soft heavy-to-light scaling.
• The best q2 dependence cannot be selected from this analysis alone. The sepa-
rated phenomenological study of theK∗ final states, as well as several theoretical
considerations, tend to favor the existence of the “kinematical pole”. But the
consideration of the Γ(B → K∗ψ)/Γ(B → Kψ) ratio tends to wash out this
conclusion.
¶Universal pole dominance, a very popular assumption, implies approximately constant form factor
ratios.
• There remains a difficulty to reconcile experimental results in B → K(∗)ψ and
D → K(∗)lν when taking CDF results for RL (χ2/dof ≃ 3), which worsens
when using CLEO or ARGUS values for RL. There seems to be also a particular
difficulty to fit simultaneously R and RL. Only fragile indications of possible
ways out of these difficulties are known today5.
4. Conclusions.
The first requirement for any model is to fulfill the heavy-to-light scaling relations.
This is not the case5 for the most popular BSW I and BSW II models, notwithstanding
their relatively good empirical successes. ISGW does not fulfill the heavy-to-heavy
scaling relations and fails very badly for the polarization.
All the approaches we have considered in this paper encounter difficulties in ac-
counting for the B → K(∗)ψ data, particularly with the large ΓL/Γtot (CLEO and
ARGUS data). At present it seems safer to keep open three possibilities to get out
of this problem.
• Experiment may not have yet delivered its ultimate word, as the variation
between different experiments seem to indicate, and it might evolve towards
data easier to account for.
• Although we did not discuss the factorization assumption, it should be kept in
mind that it rests on no theoretical ground for color suppressed decay channels,
as is the case for B → K(∗)ψ . Carlson and Milana36 find a significant correction
to factorization within their perturbative QCD inspired model. Gourdin, Keum
and Pham35, propose to test factorization in B → ηcK(∗).
• Finally, models may be wrong. This will now be discussed in more details.
Our analysis has allowed to extricate from data some general trends, namely
“softened” scaling, a sensibly different q2 behaviour of A1 versus A2, V, f+, and A1
slowly varying with q2 . Ansa¨tze that take these indications as a guide, obtain better
values for ΓL/Γtot , and a more reasonable a2 (see ref.
5), although there remains a
general tendency to underestimate ΓL/Γtot with respect to present data. Let us now
comment on these general trends.
Data definitely exclude “hard scaling” i.e. the strict application of asymptotic
heavy-to-light scaling formulae in the finite mass domain. We have proposed a “soft-
ened” Ansatz which is based on an extension of heavy-to-heavy scaling relations down
to the light final meson case, with some rescaling. In fact this is equivalent to assuming
a precocious scaling for the axial and vector current matrix elements. Consequently,
the ratio A2/A1 does not increase too fast with the heavy mass.
There are indications from lattice calculations, form Quark Model, and to some
degree from phenomenology, that V should undergo an even softer scaling5.
Another consequence of the above Ansatz, as well as of the Orsay Quark Model
is that A2/A1, V/A1 and f+/A1 should have a pole like behaviour in q
2 , leading to
an increase with q2 . This improves the agreement with B → K(∗)ψ data, and seems
to be corroborated by QCD Sum Rules calculations.
D → Klν experiments seem to show a pole like behaviour for f+(q2). Combined
with our preceding Ansatz for the ratios, this implies an approximately constant
A1(q
2). This particular q2 behaviour is corroborated by the Orsay Quark Model,
while QCD Sum Rules give a q2 dependence of A1 that never increases very fast,
although different detailed shapes are proposed. Lattice calculations, within large
errors, might give the same indication.
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